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[¥Pollowing 1s the translation of an artlcle
by V. 8. Tongur in Uspekhl Sovremennoy Bio=
logmil (Achlevements of Modern Blology), Vol.
20, No., 2, 1960, pages 156-173.] '

Until recently problems of protein gnd nucleic acid‘synthesis,
al though extgnsively discussed in the literature, have been discussed,
so to spesk, unilaterally from the point of view of the influence of
nucleic acids on protein synthesis. The extensive‘review ofvthe litera-
ture in Brachet's (1957) book, which was published'in 1957, and Loftfield's
(19&8) review have been written specifically in this way.

During the past two or three years, however, a number of works has
appeared which show that the problem is not so simple as it appeared, and
_ the relationships betwgen mucleic acid and_protein in whichthe protein
was regérded, speaking mathematically, as a function, while the nucleilc

acid was regarded as the argument apparently does not correspond altogethe




to reality. K
Theée problems, as far as we kﬁow, have not been discussed
extensively in the literaturé,.unless we consider tﬁe sumaries of Chantrenne
(1958a) in which he 11tera11yAdevoted.several linés to ;ﬁém.’
'We are not proposing to summarize and generalize all the materisl
on this probleﬁ. It isstill contradictory in large part;and apparently the

time for such a sunmary has nct come as yet., Our purpose is to show new

facts which make it possible to gain‘a'different viewpoint ~ of certain

24

aspects of the intercommection of the protein and nucleic acid synthesis.

| Mention should be made pf ﬁhe?fact that in the subsequent present-
,ation wééﬁali utilize many works in which the investigations were carried
out by means of tagged atoms. Surely, the uptake of the label does not,
by far, always mean a synthesis de novo, However, at the present time, in
the majority of cases we are still .  wnable to differentiate the renewal

f a molecule from 1t§ synthesis. ‘fherefore, fér convenience and simpiicity

of presentation we shali speak of synthesis, meaning both processes mentioned
by this tern.' |

The Interrelationship Between the Biosynthesis of DNA and Protein

' The evaluation of what the nature of the influence of DNA on-
protein synthesis is may be expressed on the basis of.an analysié principally
of the foliowing four groups of works: 1) inveetigation ofi the Influence

"of Phage DNA on the Reproduction of Phage; 2) Study of the Transforming
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Effect of DNA; 3) Works on the Study of Protein Synthesis in Micro-
organisms; 4) Investigations on Protein Synthesis in the Cell.

1) As is well known from a large number of wérks, phage DHA, |
being incorporated into the microbial body, préducea}a large number of
phages in it, Recently, it has been shown very clearly that under ordinary
éonditions protein synthesis in the esll iﬁfected by phage procéeds contin=
uously. Directly after tﬁe infection BNA is formed; however, the synthesis
of.some kind of proteins precedes it. fhis R¥A, appavently, alab exerts a
further influence on the change in protein-synthesis, As has been found by
immunolegical metheds, fhe protein is first synthesized, which is diffe:ent
from the cell protein and from the phage proteiﬁ. The latent period necessa:
for the synthesis of new DNA following infaction is apparently utilized so
that the incorporated phage DNA change its.metabglism in such a way that it
tirects it chiefly toward the repraduatien of itself (Hershey, Melechen, 1957
Astrachan, Volkin, 1957, 1959; Volkiﬁ, Astrachan 195?; then 1957, 1958;
Watangbe, 1957, Astraéhan, 1958). |

Jeener (1957), on the basis of his works, draws the conclusion that
the mechanisme of synthesis of the phage protein and the phiage DNA are
independent. Trua, Stent (1958z) presented Brown's report in which Brown
observed the in vitre formation of small yet noticeable quantities of phage
antigen aftef the addition of purified phage DNA to preparations of destroye:

bacterial cells, but the details of this work are not as yet known, and




therefore, it would be premature to drew any kind of conclusions st
thie point. At the same time, 14 remoins wnclesr how pure the phage
DEE inscorporated in the microhe is, Ain all probability, it contains
the so+called "internal® proteln, which contsins basic amino acids
(Spuzizen, 1957; Levine, Barlow Van=-vunlae, 1953).

ta ig ceen from the material presented, there is 8till no basis for
spsnidng of the direct snfluence of DilA macromolecules or of the processes
of its synthesis on proteln synthesis in the phehomsnon 5¢ bacteriobharia.

%Y umerous works on the syansformine effect of U7 on microbes
are renerally known. They mirht be able to rive some information on the
imflﬁenze of Dif on protein synthesis. Touever, first of all, it is far fv
being clear hou pure the DA is which is used for the trensformation:
secording to recent data; 11 still contains some protein (Zamorthof, 1957),
trus enourh, very small quantity (0.02 vercent ); secondly, deta in the
1iternture attest to the fact only that under the influence of Dix (in
cases of transformation) a chanre ocours in metaboliem, sovprently including
alco & chenge in protein syhthesis, but the biochericel routes of these
chan~es aYe not as yet knoun.

1t is very possible that R/ nlaye a part in the change in directior
of vrotein synthesis, In any case, 8% Por as we know, there is still no
direct wroof ol the direct influence of forsign DA on protein gynthesis
in the transformation phenorenon (Timakov and 2kavronslkayve, 1958;
Ynesin, 1958; Ephrussi-Taylor, 1957; otehXiss, 1907; “oodal,

Cerrison, 1957; rotchiiss, 1957).



3y Awong the works on the study of the mechanism of protein .
synthesis in microorganisms we should dwell on the extensive investiga-

tions of Gale (1957)and Folkes (1953a, 1955a, b, 19582, b) which were

'performad on killed staphylococei. According to their data, after the

removal of the mucleic acids the uptake of tzgged amino acidis stimulated
to varying deérees by the zddition of both DNA and RNA of the same origin.
However, this upteke iz stimulated alsa by producté of enzymic éecompositi
of nuecleic %cids; Here, among the products of enzymic hydrolysis of RNA
a factor of unknown origin is contained which stimulates the uptake of a
number of amino:aéias. However, it does not replace the nucleic acids in
increasing catalase activity or the mixture of purinés and pyrimidines
needed for the formation of galactosidase. Therefore, the material of
these research workers do not give us the basis for drawing any conclusion:
concerning the direct specific effect of DNA on protein synthesis.

nuite recently, a number of other works appeared which showed that
DNA synthesis kes is not connected direc;lylwith protein synthesis., For
exampie, it was shown that the induced synthesis of enzymes procegds in
the absence of DNA (Landman, Spiegelman, 1955). According to Chantrenne
and Devreux (1958) low concentrations of &-azoguanine had no influence on
DNA synthesis in B. cereus and suppressed pfotein synthesis, On the othe:

hand, the suppression of DNA synthesis does not interfere with the




protein synthesis (Barner, Cohen, 1958). Okazaki and Okazaki (1958),
on the basis of a study of DNA, INA and protein synthesis in
 Lactobacillus acidophilus, conclude that protein synthesis does not
depend on DWA formation,

Pardee and Prestidge (1958) believe that DNA does not determine
the rate of synthetic processes in the cell at all. Al Spiegelnar (1957)
points out that the thymidine-requiring mutant of E. coli synthecsizes
various enzvies in the absence of DHA synthesis. This speaks for the
fact that proteins and TWA syn;hesis ray be disassoclated.

Accoxrding to informatﬁcn presented by the same author, 99 percent
of the DA can be removed from protoplasm without any loss of its capacity
of forming enzynes, which would speak for the absgnce of any influence of
the DHA molecule on protein synthesis.

Data on the influence'of DPiAase on the uptake of taggcdlamino acic
in the microorgsnisms are entirely unclear. Thus, in one case, through
the exemple of fragments of E. coli, it was shown that the addition of DEAa
inhibits the uptake (Nisman, Hirsch, Marmur, Causin, 1955) of amino acids
into proteins;ender-the-infiuenee-sf-PHAes in others, on the other hand,
it was found that this uptale was stimulated by the effect of DNAase
(Jaster, 1953; Deljanski, 1954).

Thus, we see that % even in this case the data presented do not

pive us any direct proof of the direct effect of DNA on protein
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synthesis,

4) VUsually, reference is made to the experiments of-Allfxey,'
Mirsky and Csawa for proving the participation of D¥A in protein synthesis.
here, proﬁein synthesis in cell nucliei, which had been inhibited by DNAase,
was restored by a fresh portion of DNA. However? these expariments have
been submitted tﬁ.another treatment. Tﬁé,ﬁigtbean established by these
same authors that the remavgl of DNA from the nucleus stops ATP synthesis,
The addition of DNA,which restores protein synthesis, also restores ATP
gygthesis. Therefore, the inhibitiouIand recovery of protein synthesis
after the removal gnd addition df DA ﬁay be explained by the fact that
it influgnces the energy provision for the synthesis and not the protein

‘ synthesis &irectly. Chéntrenﬁe (1958}, for example, adheres to this

viewpoint,

In éddition, these experiments strangely speak about the absence
of a specific influence of DNA on synthesis. Thus, protein synthesis may

bz restored by the addition of a fresh portion of DNA of any origin, by

s

RHA, by a dialyzed mixture 6f produgtgbf enzymic decompositiqn.of DNA,
‘ ‘and by dialyzed RNA with a low degrée of polymeris@'(Allfrey, Mirsky,
Osawa, 1955; Mirsky, Gsaéa, Allfrey, 1957a; Allfrey, Mirsky, 1956;A
Ailfrey, Mirsky,IOSawa, 1957).
- In addition, Allfrey and Mirsky (1958a, b) .in their latest works

showed that the uptake of tagged:&hiﬁd_&didécan be restored to normal by




the addition of polyadenimeor by polyanionites such as heparin,
polyethylenesulfate, chondroitin sulfate, and does not require the additlon

: is a
of DNA. Thisavery important fact, op which we shall dwell in detail somewh:

later.

Accqrding to the data of'other authors, RNA of the nucleolus‘rather
then the DNA of the nucleus is respoasible fer the uptake of tagged amfno®
‘acids '
in the nuclear proteins, apparently (Mazia, Prescott, 1955).

it should also be mentioned that extensive experimental works
perférmad on cells from which the nuclei had been removed and surmarized by
Brachef‘iﬁ ﬁié monograph, show in all evidence that pystein synthesis may

proceed entirely successfully in the absence of DNA.

We shculdllike to mention, finally, numefous WOfks carried out on
various biological objects which show that after ultra-violet or X-irradiati
DNA‘synthesia is inhibited without tﬁe inhibition of.protein synthesls or
the synthesis of RNA (Brachet, 1957).

Thus, if we sum up all of the material presented, it may be said ti
we still de not have at our diéposal any strict proof of the fact that DNA
synthesis is directly related to protein synthesis. On the other hand,
all the existing data rather speak for the fact that protein synthesis and
DNA synthesis are not connected or are not Qery well connected with each of

If the DNA macromoiecule controls protein synthesis, this contfol 1is, to &

considerabla degree, indirect. It is curious to note that in those

-— 8 —



cases where the influence of the DNA molecule on protein synthesis

'3

might have been specific (bacteriophagia, transformation) it has not been
shown., In those cases where this influence 1s supposed to have been shown
it is not speciflc, and the DHA molecule may be replaced by DNA of other
origin, or by WA, or simply by another polymer.
. protein
We should now like to try to analyze the problem of whether sinfluenc
DNA synthesis. Until recently there was almost complete agreement with rega:
: . i A
to this matter: it was accepted that protein has no relationship to DNA

gynthesis. Iz this really the case?

Recently, a number of works ba& appeaved which were carried eut
2 !

|
bacteria infected by phage or treated with musterd gas ox irradiated wméh
ultra-violet rays; in these works it was shown that protein synthesis plays
a direct part in DNA synthesis.

Cohnen in 1948 found that for the DNA synthesiz in a cell infected
by phage a preliminary protein synthesis is necessary. These data were
confirmed by Burtom in 1955, by Tomizawa and Sunakawa (1956), by Crawford’
in 1957, by Harold and Ziporin in 1958 (1958a, b) and Drakulic and Erver in
1959,

In almost all of these works the experiments weve performed the
same way. 1In one way or another the protein synthesis was inhibited éégtha
microbial cell, and as a result of this no DA synthesis was observed.

-HOW&VEI, all that was necessary to do for the synthesis of a new phage
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DNA to mccﬁr vas to add, for example;’chloramphenicol, and this.
phenomenon occurred five minutes after the phage was incorﬁorated into the
cell., Tomizawa and Sunakawa (1956) conclude that protein synthesis is
necessary for the beginning of DNA synthesis but it is not required for
its continuation. |

Harbld and Ziporin (1958a), on the basis of similar experiments
on E. coli treated with mustard gas or irradiated with ultra-violet rays,
believe that the quantity of protein syntbesizéd before the addifion of
the inhibitor determines the rate of DNA synthesis. The protein synthesis,
they assert, is an integral part of DNA reduplication.

Drakulic and Errera (1959), who showed directly that DNAizynthesizea
in the presence of previously synthesized protein, possibly histone, came
to the same conclusions. Doudney (1959) also finds that the synthesis of
protein and RNA is required . for the biosynthesis of DNA. Okazaki and
Okazaki (Okazaki E., Okazaki R., 1959) conclude that protein synthesis is
necessary for DNA synthesis; an amino acid insufficiency inhibits DNA
synthesis. The synthesis of nucleic acids proceeds only in the presence
of all the essential amino acids (cale, Folkes, 1958a). Authors working
on entirely different biological objects -- tissue cells (Harris, 1959) --
come to approximately the same conclusions.

Such references may be multiplied; we can refer, for exanle, to

- works in which the nature of proteins affecting DNA synthesis is
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elucidated; they, as night have been expected, are enzymes. Kornberg
and co-authors (Kornberg, Zimmerman, Koruber, Josse, 1959) found that
after infection by T-2 phage E. coli forms three new snzywmes, which can
be detected even four minutes after the infedtion.

The nature of the bases taken up into the phage DNA during its
synthesis, is vegulated by a specific kinase systen {Samerville, Greerberg
1659): here, each of the four nucleotides has its own kinase which regulate
the rate of production of the triphosphates for the polvmerization system

(Feir, Swmellic, 1959). If too much triphosphate has been formed, special

Cenzymes exist which transfom it into monophosphates and, in this way,

excrets them f£rom the synthesizing polymer system, as has been shown throug
the exauple of desoxyeytidin triphosphate (Reerner, Smith, Buchmann, 19539).
In this way, the enzyme systems participate in the regulation of the specif

icity of DA synthesis,

r

Finally, recent works by Wovnberg, Lehman, Bessman, Sinms and othen

{(Fornkerg, Lehman, Bessman, Simms, 1956; Kornbersg
[#34 H 2 3 k4

[<¥1

Lehman, Simmg, 19563
Schachman, Lebman, Bessman, Adler, Sirms, Kornberg, 1958; Adler, Bessman,

Lelman, Schachman, Simms, Kornberg, 1958; Bessman, Lehman, Adler, Zimmerman

Q3

<

Simms, Kornberg, 1958a; Lehman, Bessman, Simms, Kornberg, 1958; Bessman,

Lebhman, Simns, Kownberg, 1958) showed directly, on the one hand, that

the enzyme-polymerases that they isolated participate in DNA synthesis;

“on the other hand, however, it was shown that for the occurrence of



DNA s&nthesis’by means of this enzyme, in any case in vitro; the
‘presence of'al"primérff is necessary in the form of polymeric nucléic
aciﬁ,fﬁﬁéiéb§f the Woriming" material can be obtained from tissues of the
highest animals aﬁd'caﬁ contribute to the DNA synthesis of a bacterial
enzyme system. The polymeric and arqhitectcnic natufe of the;ﬁflééf!and
its tertiary structure play an_essential part in the process of synthesis.
Thus, in the case of depolymerization of the “primed"‘DNA it cannot carry
out its part, and synthesis stops. Insignificant influences on the DNA,'
1ét us say a small quantity of DNAase; leading to a change (apparently a
compression) of its tertiary structure, lead to the stimulation of synthesi
Here, as has been shown, the newly synthesized DNA is, judging by the relat
ghip of the'nitrogen bases, identica; withlthe primed DNA, no matter where
it was taken from, that is, apparently the effect of the enzyme 'is not
specific. |

Thus, we see that for DNA synthesis a matrix is necessary in the
form of'polymeric priming DNA;hnweQer, at the same time;the éossibility |
cannot be excluded, in any case in vivo, that enzyme systems have an
influence in determining the spe;ifiq;ty of the DNA synthesized.

The Inferrelationship Between RNA and Protein Synthesis'
Inveétigations on the influence éf RNA 6n-prote1n synthesis have
. been carxied out very extensively in all the recent &ears, and tremendov

literature exists on this subject which requires a special detailed



analysis. 1In this section, we are attempting chiefly to sum up the
existimg_da;a, For the purpose of facilitation of the presentation wé,
as in:the preceding section, shall analyze, perhaps somewhat &rbitrérily,
‘the works dealing with this subject in the following groups and shall
agalyzé each of them separately: 1) iavestigations on the infectivity
of virus RNA; 2) study of the simnificance of ENA and its synthesis in
systems which synthesize proteins; 3) works on the mechanism of influence
of RNA on proteln synthesis, | |

1) As has been established in the works of Schramm, Fraenkel-Konrat
through the example of MY [Tobacco mosaic viréé?, the RNA of fhis virﬁs is
infective and produces a multiplication of the fHV in the tobacco leaves
after their inféction; hence, also the synthesis of specific virus protein,
However, in orée; that we may speak of the influence c¢f RNA on the protein
sygﬁhesis in this case the question should be elucidated as to how pure the
RNA preparaticns are with respect to protein (sincevthere is no DNA contained
in the THMV at all). In the literature this has been subjected to a lively
discussion repeatédly in receﬁt'time. However, In a discussion at the Fanth
Iﬁternatinnal Congress of Biochemists (Tovarnitskiy, Tikhonenko, 1959) data
#ere prasented by Fraernkel-Konrat which shoyed that in RNA preparations with
which he worked there are no determinaﬁle quantities of progeiﬁ; only short-

chain peptides, consisting of several amino acids, exist in them.




Therefore, the existing experimental material makes it
possible to speak of the direct influence of the THV RNA on protein synthesis
2) TFor the purpese of elucidating the influence of RNA on protein

synthesis nmumerous rasearch workers are extensively utilizing ribonucleac
1f, paraliel with this, the participation of DNA in protein synthesis ié
excluded by one means or ancther, such experiments well illustrate the direct
participation of RNA in protein synthesis: for example, the experiments of
Straub and Ulmann (1957) on protein synthesis using a desiccated acetone
extract from the pigeon pancreas. The works of Kramer and Straub (1956)

on the synthesis of penicillinase by microbes, the works of Groth (1956),

eener (1955), Nisman, Hirsch, Mawmur (1955) on microbes, of Beljanski (1954)
of Fraser and Mahler (1957), of Landman and Spiegelman (1955) ono
protoplasts,of Brachet (1957) Ameba, cte. in‘which protein synthesis was
stopped under the influence of ribonuclease, show the direct participation
of polymeric RNA ir protein synthesis. It mav also be mentioned that in
cell granules under the influence of RiAase the uptake of tagged amino acids
is'gtopped (Daly, Alifrey, Mirsky, 1955; Zameenik, Kellek, 1954; Webster,
Johnson, 1955; Zubovskaya and Tongur, 195%) or protein synthesis stops,
whicli i also evidence on behalf of the conclusion drawn, In many of the
works mentioned the preotein synthesis began again after the addition of
polymeric RHA.

In certain casesg the stimulating effect of
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of products obtained from the enzy#ic decomposition'of’
RNA was shown on protéin gynthesis or-on the uptake of tagged amino gcids int
proteins, ' '
However, even here, apparently, in many cases polymeric RNA formed from
the added fragments has an influence on protein synthesis.
- Engler,and Schratm (1959) mention that before the onset of synthesis
of TMV protein a certain quantity of virus RNA must be formed first,

in addition; fhere . is an abundance of indirzect data in the
literature obtaiﬁed by means of RAase and éhewing thz participation of the
,ﬁolymeric RNA molecule in protein sYnthesis;"These are works Qn the inhibit:i
of growth and éultiplicétion of cells by means of XVAase; they are of spec:
interest,but ;be analysis of them, | transcends the limits of this
articla.

Therefore, as followe from ﬁhe material pfesenteﬂ, it has been shown
by a number of experiments on the most diverse biological systems thaih:oly-
meric KWA molecule is necessary for protein bioéynthesis. Bhargawa, Simkin
énd\wOrk‘(1958), for example, even conclude that protein syﬁthesis is unrelat
to ENA synthesis.

The experiments of Webster (1956) méy be mentioned, however, in whict
a mixture of four nucleotides increased the uptake of tagged glutamic acid
into proteins of - cytoplasmic particles and RNA synthesis. 1In the

experiments of Jeener (1958), blockage of RNA synthesis also blocked the

‘synthesis of protein in lysogenic bacteria infected with phage.



Humerous experiments of other authors have shown that aftevr the

bléckage of RNA.synthesis by analogues of the nitregen bases the synthesis
oandaptivc enzyres is algo blocked (Pardce, 1955; Spiegelman, Holvofsoﬁ;
Ben~Ishai, 1955; Spiegelman, 1957). All this proves that RNA synthesis
igs necessary for protein synthesis.

Loftfield (195€) believes that S—azoguaniﬁe blocks the synthesis
of the adaptive enzymes ([:2-ga1actosidase), but the formation of the
eﬁzymes of which it is constituted (g}uéozymase) ig not inhibited by it.
He believes that stable RJA, which is : present in the cell, is
not sénsitive to.azoguaniﬂc and.is responsible for the synthesis of the

ceonstltutive enzyﬁes. '?hc synthesis of functional, not stable, RNA,
4¢ necessary for the synthesis of adaptive enzymes, is stopped by azoguaninc
However, quite recently Dutton and co-azuthors (Dutton, Dutton, George, 1958)
after the’suppressinn of RWA synthesis by azaguanine, observed a cessation
of synthesis of the cﬁﬁstitutive proteins also. In connection witﬁ what has
becn stated a number of authors go even further and believe that the
pre~axigtin: A does not participate at all in protein synthesis (Ogata,
Shimiza, Togashi, 1956).

As we sece, a contradiction has been created in the experimental dat-
Chantrenne (1958) attempts to resolve this contradiction in the belief that

the metabolism of RNA precursors {(in which molecules arc formed which are

sualler than DNA) participates in the formation of proteins along with

_— 1 -



the polymeric RNA.

Loftfield (1938) notes another possibility: he believes that there

conclusive A _ _
is no proof that protein synthesis is accompanied by the simultaneous

gynthesis of the RNA molecule -~ simply, the short 1ife of the RNA molecule
. in 2 number of cases makes a resynthesis of it necessafy for the continua-
tion of production of certain proteins,

We shall return to ﬁhis matter somewhat later.

3) Solid data on Sehalf of tha'parﬁiaipaﬁion,of WA in protein
synéhesis have been presented in the works of Hoagland {1958) and related
A investigations. These works not only &peék of the direct part of RNA in
protein synthesis but also show the routes of participation of the nucleic

ti& in this process.

The system which takes'up the a@ino acidé consistgef the following
components: 1) amino acids tagged for carbon; 2) ATP; 3) enzymes soluble
atra pH of 5: enzymes are included aﬁong them.which activate the amino acids
and other soluble enzymes necessary for the process; 4) éolﬁbie RNA includéd
in the pH«5~enzyme; 5) microsomal ribcnuéleoproteim particles; 6) guanoéine
tripﬁosphate.

The tagged amino .acids are activated by the pH-5 enzyme, comgining
with ATP; through this érocess a pyrophosphate is produced., The activated
gmino acids(arevaccepted by the soluble RNA‘which exist in the form of

<

free polynucleotides and are transferred directly to the ribonucleoprotefin
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particies. :he& are the gite of formation'of & peptide linkage, whereby
the R¥A particles bind the soluble RNA with the amino acids accepted on
it only in the presence of guanosine triphosphate, the role of which ie
not clear. A similar mechanism of synthesis apparenfly exists not only
in cells of mammals but alsc in plants, bacteria, yaasfs, etc., Hoagland,
1§58; Offengand, Bergman, Berg, 1958; Cchoner, Tung-yoe Wang, Sherer,
1959; Bosch, Bloemendal, Slugser (1959). Heve, note should be made of
the following essential det&ils (Hoagland, 1958).

Every amino acid has its own activating enzyme and its own RNA,
with which it is bouné (Davis, Novelli; 1956§ Schweet, Glassman, Allen,
1958; Smith, Cordes, Schweet, 1959; lolley, Mergll, 1859). The soluble‘
RNA is not specific, that is, it posseéses the same propertlies regardless
of the objeét from which i; was isolated. This circumstance has given us
the basis for supposing the existence cf a universal RNA entity which is
included in different viruses and cytoplasmic¢ nucleoproteins of plants
and animals (Ping-Joo Chang, 1957}.

After the separation of RNA and the pH-5-enxzyme protein its
activity is restored if the soluble ENA of a dog's or rat's liver is
combined with the pH-5-enzyme protein isclated from a guinea pig, bug
the BNA of viruses, yeasts, and microbes d§ not‘recqvér'the lost activity
(Schweet, Glassman, Allen,.1958). Tﬂe soluble RNA is unique in ité

capacity of binding activated amino acids and cannot be replaced by
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any other polymeric RNA.

The amine acids are bound to the RHA additively, by a covalent
linkage (Guifreund, Traser, Shimizu, 1956}. The reaction of binding
the aminc acids is reversible. The soluble RWA is an obligatory component
of systems which take up amino acids into thelr préteins (Nohava, Ogata,

1959). The beund amino scids are localized on the second or third ribose

_hydroxyl group. The RNAase inhibits the activation of the amino acids

(Ogata, Nohava, 1957; Ogata, Nohava, Marita, 1837). The degree of uptake

is determined by factors which are diffevent from those determining the

rate of aétivaﬁion (Guffreund, 1958%. The microsomal fraction which takes
up the amino acids can be converted into a lyophilized powder with maintenz
of its activity (Sachs, 1957). ’

The compositién of the terminal groups of the soluble BNA is the
factor participating in the binding of the amino acids (Hoagland, 1958},
In the soluble RWA two eytosingnucleotides follow the ierminal adenine
nucleotide. gecificity of their configuration is essential for the
combination of amino acids with the BNA. The amino acids combine with the
2' or 3' hydroxyl groups of the terminal adenine nucleotide (Hecht,
Stephenson, Zamecnik, 1958, 19539; Preiss, Berg, Ofengand and others, 1959

These facts are very important; they will be discussed somewhst

later.

Therefore, the dirvect and immediate participation of both the



polymeric RNA molecule and, apparently, of | its synthetic processe®
in the synthesis of brotein can be cgnsidered a solidly established fact.

Now, let us try to analyze whether and in what way protein and
the processes of its synthesis influence RNA synthesis. Unfortunately,
the direct works investigating this problem are very‘few; however, the
influence of protein on RNA synthesis has nevertheless been dealt with
in a number of investigations, and at the present time, we already have
4% at our disposal material which permits us t$ dxaw some conclusions.

As has been found in cells infected with phage, protein synthesis
precedes RNA synthesis characteristic of the infected cells (Astrachan,
Volkin, 1959).

In works of recent years it has been shown that the uptake of
uracil and adenine in RNA is stimulated by a mixture of amino acids,
and it is inhibited by the analogues ;s well as by chloramphenicol, a
nucleus which spec;fically stops protein synthesis (Webster, 1957¢).

As Clark and others have pointed out (Clark, Naismith, Munro,.1957), the
quantity of RMA in the rat liver is determined by its supply of amino acids
essential for protein synthesis.

1t was shown later that RNA synthesis inhibited by chlormycetin
can be restored to normal by the addition of émino acids (Gros and Gros,
1958). A deficiency of tryptophane in the mixture of amino acids.in the

nutrition of rats inhibited the uptake of glycine and orotic acid in



the liver RWA. The stability of the BNA, as was shown, depends on a

|
complete set of amino acids to be utilized for protein synthesis (Munro,
Clark, 1%59). The data presented might be multiplied, but there is
no need for this; they all indicate that the presence of amino acids is

essential for RMNA synthesis, that is, apparently, they arve obligatory
components of WA synthesis,
On the other hand, it is well konown that chloramphenicol added in

small cegéemtrations blocks protein synthesis without stopping INA

synthesis, that is, it is possible to sepérate both syntheses in this
way‘(Iéas,'Brawexman,v1957}. Ap&érently, ﬁhe‘cﬁiéiémpheniccl reacts with
the RMA, interfering withvitsAinfluence on protein synthesis (Ramsey, 1958)
However, even after the addition of this toxin, the amino acids neverthe-
less influence the synthesis of nucleic acid. In case of phage infection,
which induces the synthesis of new RNA, the addition of chloramphenicol
prior to the infection blocks protein and DNA synthesis without touching
BNA synthesis., After the addition of chloramphenicol and féllcwinglﬁhe
infection even a stimulation in RNA synthesls is observed (Watanabhe,
Kiho, Miura, 1958}, However, cbservations on isoléteﬁ thynus nuclei
showed that chloramphenicoi blocks both the uptake of tagged amino acids
'and proteins and of orthophosphate into the RNA and DNA (Breitman, Webster

1958). 1In the process of inhibiting protein synthesis, azoguanine in

 Bacillus cereus (Chantrenne and Deﬁreux, 1958) does not affect ENA




eynthesis dr the synthesis of DNA or hexosamine; higher concentrations
of‘this compound partially inhibit the synthesis of DNA also.

Apparently, the synthesis of protein.and RNA syn;hesis proceed
at different rates. In E. coli.mutants the ratio between the quantity
of protein formed and RNA is 3-4:1, and the blockage of RNA synthesis
préduces also a blockage in protein synthesis, but the inhibition of
protein synthesis is not reflected in RNA sypthesis (Ben-Ishai and
Volceap, 1956). It has been shown‘in the microsomal éarticles that the
' uptake in RNA occurs more slowly than in protein (Balis, Somarth, Peterman,
Hamilton, 1958; Bhargawa, Simkin, and Work, 1958), Reid and Stevens,(1958)
also point‘out that in the microsomes the rafesof renewal of RNA and
protein are . not correlated with each other. If this is actually so,
‘the supposition remains despite the fact‘that both syntheses have common
precursors in the form of amino acidsf%%zy diverge from each other at an
early stage of synthesis; in this way sfoppage of fhe process of protein:
synthesis has no influence on RNA synthesis.

Recently, however, it has been shown that apparently the blockage
of protein synthesis still, in some way or oéher, influences either the
quality of the RNA or the general properties of the system being stﬁdied
It has been shown that RNA synthesized in cases of blockage of protein
synthesig by chloramphenicol is different from the usual RNA in its

biological properties: as has been mentioned in the literature, it is



not stable, and even its physico~chemical properties, such as

molecular weiéht and electrophoretic mobility, gre neot similar to the
anaiogoﬁs properties of ordinary RNA, although, appéréntly the nucleoéide )
composition of both RNA's are the same (Lomharﬁ, Cﬁaéggff, 1857; Horowitz,
lLombard, Chargaff, 1958; Gale, Folkes, 1858a, 1958b}. |

Attempts have been made to explain fhe inétability of thig FNA by the fact
that it is unable to enter complezes, for example, with proteins, and
therefore it is more accessible to enzymic degradation (Horowitsz, Lémbard,
Chargaff).

It was later found that after the removal of chlormmphenicol,

- which had been added for the purpose of blockiﬁé protein gynthesis, a

reduction should odccur in the quantity of nucieic acid sccumulated to a
normal 1eﬁei, and only then 566 't§e grawﬁh and wultiplication of bacterial
cells begin; possibly ﬁhis arisés from the fact that the normal quantitative
interrelationships between pr@téin and nucleic acid are disturbed, as
iz supposed by the auvthors cof these experiments (Héhn, Chechten, Celéawski,
Hopps, Ciak, 1257}, but it ieg glso pqssibie that in this case the RHA
syntheﬂizedKis‘not entirely the usua1. 

It has been shown, finally, that the RNA which accumul#tes undef .
conditions of methlonine starvation gynthesizes proteigé ponrly.(Bprgk,_
Rockenbach, Ryan, 1956). ‘

Recently, new data hiave been reported concetning'thé nature
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of the influence of chloramphenicol on processes of protein and RNA
synthesis (Arénson, Spiegelﬁan, 1958). It has been shown that protein
synthesized in the presence of small doses of chloramphenicol is differ~
ent from ordinary protein iﬁ certain properties, which speaks, it would
appear, for the direct influence of this toxin on protein sypthesis.
Large doses of chloramphenicol completeiy suppress protein synthesis,
but in this case the aminc acids no longer influence the RNA synthesis.

ﬁNA synthesized in the presence of chloramphenicol represents
one of the stages in the formation of ribonucleoprotein and is mnot some
unusual kind of RNA. The synthesis of this RNA occurs also in the absence
of chloramphenicoi; the RNA included in the ribonucleoprotein particles
and the RNA not included in them can be separated by sedimentation.
After the removal of the toxin the unstable RNA rapidly changes into the
ordinary stable form. The effect of chloramphenicol consists simply in
the blockage of the transition of the unstable form of RNA into the
stable form. If this is actually so, then, apparently, only stable
ribonucleoprotein ﬁartieles are associated with protein synthesis. The
unstable RNA which accumulates after the effect of chloramphenicol does
not participate in protein synthesis.

In summing up, it‘may be said that the @aterial presented 1s

quite contradictory and at the present time permits us to speak, but

only with a certain reserve, of the influence of protein synthesis
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on RNA s&nthesis.

At the same time, the data of Ochoa, Grunberg-Manago, Beers
concerning the synthesis of compounds which are siﬁilar to KNA in many
pxopertigé by ﬁeans of an enzyme which they isolated -~ polyaucleotide
ﬁhosphorylase -= are well known {(Grunberg-Manago, Ochoa, 1955; Grunberg-
Manago, Ortiz, Ochoa, 1955; Beers, 1956; Grunberg-Manago, 1958).

True,‘evan purified preparations of polynucleotide phosphorylase
contain about three percent REA; however, there is no doubt of tﬁe fact
that synthetig proéesses proceed ﬁnder.the infiuencg of this enzyme.

This indicatee that, probsbly, the polymeric protein molecule participates
dirvectly in ribonucleic acid synthésis as an enzyme.

In the dv development of these works Herbert (1958) showed that
the enzyme s&stem of a soluble fraction ofihomogenate of rat liver 1=
resﬁonsible for the uptake of Clé»adenine nucleotide into thevmonoesterifieé
end groups of the RNA molecule. The enzyme system of the nuclear fraction
of the homogenate stimulates the uptake of the nucleotide into the inmer

portion of the molecule. Apparently, in addition to polynucleotide

phosphorylase, at least one other enzyme system exists which accounts for

>the build-up of the ends of the RNA molecule, utilizing nucleoside

triphosphates for this purpose. This reaction is different from the

syanthesis of polyribonucleotides as represented by Grunberg-Manago, Ochoa.

‘(Hecht, Zamecnik, Stephenson, Scott, 1958).




The terminal portions of the A molecuie probably are,
in’general, rore labile than its"core", and it must be supposed that the
uptake of precursors - at the ends of RNA d§es not reflect the dynamic
gtate of the entire molecule and possibly does pot mean a pure synthesis
of it, but at the same time this uptake nust somehow change the information

contained in the PNA molecule (Karber, Heidelberger, 1959).



Discuseion

Tﬁuﬂﬁ wa see that the synthéaea of DHA, RWA and protein
are interconnected, aﬁd prbbably the relaﬁionﬁﬁip of BNA and
protein synthesis is a closer one than. that of DNA and protein,

- Apparently, the influencs of DNL on ﬁrot&iﬁ gynthesais is
very indirect and occurs through métabalism, which is indiceted
by a_numbef of works previously quoted,"ﬁkazaki, F, and
Okazeki, R., (1958} even believed thet in certain cases DNA
mnthesis proceeds'completely iﬁdépendently of RNA and

protein synthesis,

The raiationghip of protein'énd RNA synthesis has been
studied to a much greater extent. It should be supposed that
both syntheaés have common precursors. Recently, Holvorson

(1958) gave the following approximate schema for this relation-

ships
Nucleic. acid - Protein
*1(’? ' P
Purines Amino Acids
T | Ay
Xanthine, hypoxanthine + NH3 o+ .. &.~Ketoacids

Webs%er (1957c) believes that this relationship is
effected by means 6f a ccmbination of aétivated amino acids
with nucleoside diphosphates and later, depending on fhe5 |
method of decompositiqn of this compound, decompositién

»oducts proceed to the synthesis either of perein or of
nuecleic acid, for axamplez{ if a rupture of the pyrophosphate

linkage occurs, synthesis of nucleic acid ocecurs, etc.




According to the data of Hoagland (1958), this relationship
can be effected through the pH-5 enzyme, wﬁich_activates not
only the amino acids but also the rapld uptaka of nucleoside
monophosphates into the RNA of the pH~5 enzyme. Hecht,
Stephensen, Zamecnik, (1958) showed that this uvptake of
end nucleotides correlates with the ﬁptake of amino acids.
Von der decken, Hultin (1958) found that the soluble fraction
of a rat liver homogenate can not only bring eminc acids to the
ﬂucleoprotein of the microsomes but alao nuecleoside triphoaphates,
and here the amino scids activate this process somewhat,

Webater has shownt that nucleoproteins from destroyed
microsomes of the paa sprout can catalyze the following: the
uptake of amino acids into proteins, the uptake of nucleoside |
of the 5' phosphates into their RNA,lthe activation of 12~
amino acides, and, depending on the amino acids, the exchange of
AMP with ATP, which indiecates the close connection of these
procasses,

Other authors believe that the synthesis of protein and
RNA are concurrent processes and that the existing nucleotide-
amino-acid complexes can be synthesized immediately inté
nucleoproteins (Mandel, Weill, Ledig, Busch, 1959).

Therefore, &n interrelationship not only between the
biosynthesis of RNA and protein has been established but the

;pecific mechanisms of this relationship have been outlined.,



At the same time, it has been noted in a number of
works, as :Wwe have shown in literature already quoted, %that
such a relationship is not always a direct one (Barner,
Cohen, 1958; Ben-Ishai, Volcean, 19563 Balis, Samarth,
Petermaren, Hamilton, 1958; Breitman, 1958; Webgter, 1959;
‘Watanabe, Kiho, liura, 1958).

We believe +that at the present time it
would be somewhat premature to discuss theée problens, Here,
it is important to note the following fact, which is of great
significance, we believe. An interrelationship exists between
the biosynthesis of protein and nucleie acids, and this
association is carried out at a low molecular-weight level,
through metabolisn, aé well as at the level of the matiix-
macromoleculs,

Certainly, the reservation should be made that the
systems of RNA-protein and DifA-protsin can not apparently be
regarded as functioning entirely independently of each other;
it must be supposed that they are connected through the RNA=~
DNA system.

Those invastigétors who believed that RNA is synthesized
on the matrix of DNA, which transmits its code to it, and then
that the protein synthesis is carried out on the RNA which
has been coded in this way are hardly right, however. In any

case, we now have data indicating that in a number of cases
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RNA is the' precu?sor bf DNA and +ha% tﬂa synthesiq of RNA

is accombllshed befcre th@ synthesms of DA (Harrls, l959,”.ﬁ;;

Slskanh.1959), api here 1n a8 nnmb@r of cages the relatlonshlp

of fhigé“éyntheves ocaurs through ‘the low polymarlzea
pracursor products, whlch goes uoth inte RHA uynfh981s and 1nto
the, fvntheels of EﬁA, wher@ 1t is oulte dlfilcult to speak of
the tra nam18310n.of lnformatlcn (Astrachan, 1958 Astraﬂhan,;"

' Volk:n, 1957, 1059, Fraqer, M¢h19r§ 4957) At the same tlme;f
it ha: :b emn found that sgntheaes ef RNA,and DBA compete ulth
one . another at a low molecu;aruwelght 1nve1 (Okdaadl, F,

Okazaki, H., 1958). The capacva cf RNA cf anuclear cells.

of taklnv up phoswhorus 1s evmdence that wvnthe 18 of RNA is'

\

accompll,hed 1n the absenoe of ﬂNA, Blnallg, the statement of

Tamm and Osterhouu (1959) to the effect thau RNA of the host
' determinative - o
cell plafs a j;]*j j“ part 1n the multlplznatlon of certaln 3«

S

P :
I

viru%a conialnlny DNA 1% very 1mportant°. We maj refer als

R

0 the data of Danlelly, Lorch, Ord and Wllcon, obtained in" "

qohtaxnxn nuclel transplaﬁted from another sgeclep,‘ﬁﬂ

coﬁ sltutlng ev1dence to the effect thdt the 1nfluence of
cj%aplasm'ls predomlnant in the determination of ghys;o;q&;qﬁl
aﬁdﬁﬁéfbhologiCal indices of these amebae. | | rt

| Zﬁbay (1958), on the basis of a detailed analysis of data
ightﬁéfiiteratﬁré,comes‘to-the conclusion that the sequence of

nucleotides in the ‘RNA molecule can not'be;entirely:determined




by-the DN& matrix, but rather reguires the specific
participation of enzymes for KNA synthesis,

Therefore, the r@T stionship may hold not only in the
direction Trom Didi to KN¥A but also, on the other hand, from
RlA to DiiA, whereby this relationship may be carried out
at a low molacwltr—U91Mht level with the participation of
enzymes.

Thus, we conclude that the interrelutionship of the
biosyntheses of nuecleic zeids and protein proceeds along
two charmels or, in other words, is accomplished by two

o ' means of
methodg: at a low molecular-weisht level byathe utilization
of cdmmon precuréors for synthesis, which is very convenient
gince both gyntheses have a common metabolic reserve; and at
the macromolecvlsy level by means of the direct influence of
8 polvmerlc molecile ¢n syntheqn | Alon" this llne, we
b@lieve, 1t 13 ﬁgoé;;} & to analvze the cert11n contradiction
in the data w1th1~eoaect to the 1nfluencn B? A on protein
svn+h931s pre ented in tne PTGVlOlo chapter.v | -

uch a f@nct1on1n" of‘svnthetlc yetems W1th a "doublo
drlve“ mmk@v Lhem more autonomous u,nd res ¢stant to the
‘Lnfluonce of the eﬁv1ronm@nt. As a matter o* iuCt the
common mntabojlc reqerve 1s, on the ono hand, a kind of
buiier betweon the uynthetic processeu and fhe env1ronment,

v

in othnr vords, the ovnthutlc procecses medlate 1ts influence

¥ . . ¥



“through the metabolic cauldron. Here, as recent data have

shown (Cawi@, Mcllure, l959),a§garently two functionslly
different aminOmaci&_resefves exist -- the concentration and
the conversion reserves, The first is formed of exogeneus
amino acids and at a defirite concentration of them can
produce materiagl for the conversion reserve. Here, a pra@aratiar
of amino acids occcurs fér protein synthesis. However, the
conversion regserve can be forﬁeﬁ aléo in the absende of a
concentration resérve; it is caﬁabie of synthesizing amino
acids for itself,

On the other hand, the common metabolic reserve makes
it Qassibie for the organism to “mgneﬁver?, or, in other
words, makeé possible the.syntheﬁis of the polymer specifically
(RNA or DNA pro$@ins) which it needs particularly at the tinme,
If under the influence of some kind of artificial conditions
one kind of synthesis begins to préﬁaminate'markedly over the
other and the reguwlation of syntheiic procegses is distuﬁbed,
the polymer synthesized in excessive guantities degenerates
tecause of its instabiliﬁy, f'éi%iﬁ@} decomposition products
to the general metszboliec cauldron for a new syntheasis., The
concepbion of the dynamie state of synthetic processes in
which the rates of degradation and synthesis correspond to
gach other which was developed by Holvorson (1958) seems to

.

uz most fitting from this %oint‘of view,



The trénsmission of information, it seems {0 us,
proceeds elong several chaunels: on the ona hand, it is
assuréd by the polymeric nature of the molecule; the infor-
mation is reproduced by a new syntheeislaccording to a
patiern obtained from precursors existing in the metabolic
cawldrons on the other hand, anccording to Hoegland's schema
(19%8), protein synthesis is accomplished in two siages, B8O
to spesk, and apparently two forms of scluble RNA exist for
the tronsfer of each amino acid (Goldthwait, 19%8).

| I+ has been shown recently that some amino acids
influence the activation of other amino acids (Nleman, 19)9)
that is, the combination of them with-metabolic RNA; in
~addition, guch & combination depende not onl;fthe interrelation-
ship botweén the smino acids existing in the substrata but also
on their absolute concentration (Fraser, Shimizu, Gutfreund,
1859) s therefore, depending on the presence of wvarious
metabolic RKA'S in the substrate, the ooncent*atlon and
interrelaticnship of the amimno acids, different quantities of
amino acids will bs transferred to the polymeric RNA, and a
definite emino-acid composition of the proteih will be .
ascured, that is, at this stage of synthesis the transmission'
of information is brought about by the metabolic cauldron,
which provides for the presence of the necessary kinds of RNA

and smino acids, and at the same time it is embedded 1ntq



the structure of the metabolic RNA, since, probably,
specifically this structure produces the specificity of the
relationship with a definite amino acid. Here, we againscee
the principle of the doﬁﬁle linkage.

The second stage of synthesis ocours on & polymeric
patterned RNA, to which the metabolic RNA brings the amino
acids. The patterned RNA provides for the sequence of

communicating
arrangement of the amino acids, - the rest of the -
information necessary for the inclusion of it into the
protein structure,
This system of two-stage synthesis has been observed not

¢

only in cells of highly organized animals but also in plants

and microorganisms. The justifiability of+this syﬁtem‘has
been confirmed by works in which peptiaezl;itivated carbaxyl’
groups were found in microsomes and microbes (Koningsberger,
Van der Grinten, Overbeek, 1957; Van def Griuten,; Schnurs,
Koningsberger, 1958; Gilbert, Jemm, 1958; Bernlohr, Webster,
1959; Anderson, Albright, 1958). These works would seem to
indicate that the transfer of activated amino acids canbe
accomolished by oligo- aiid polynucleotides.

Apparently, the Hoagland system is not universal. The
formation of the veptide linkage may be observed directly in
phosphorylated yeast RNa after the addition of 21 /727 |

anino-acids to it, which would speak against the two-stage



synthesis system (Dounce, Hawtrey, Gutsche, Richar&s, 1958).

In addition, the agtivatioﬁ of amino acids is not zlways
compléted by their uptake into profeins (Heller, Szafranski,
Subkowéki, 1959) and, on the other hand, protein synthesis
may proceed without aotivétion c¢f aminc acids in the absence
of pH-5 enéyme, s has been shown on mitochondria (Greengard,
1959, Greengard,'ﬂémpbell, 1959; Reis, Coote, Vork, 1959),
on rat liver microsomes (Cohn, 1959; Zalta, Khouvine, 1959)
on membranes of Alcaligenes faecalis.(Beljanski, Ochoa, 1958},
agg'ribonuclgoprotein pea particles (Webster, 1959). "

Apparently, it may be supposed that several routes
exist for protein synthesis. . BSpecifically, the uptake of
amino acids into the microsomes without the participation of
soluble
"NA of the pH~5 enzyme is possible; this latter is replaced
by the cell sap which does not contain R4 but probably possesses
the necegsary set of enzymes and cofactors specific for the
uptake of various amino acids; the same thing may be observed
also in the synthesis of protein by nuclei and mitochondria
(Rendi, 1959; Rendi, Campbell, 1959).

The enzymic synthesis of peptides from amino acids which
we recently observed (Connel, Watson, 1958) confirms the
multiplicity of the routes of proteinbiqsynthesis. In any
case, with any mechanism of protein synthesis, in order to

the
change ite noture and information determined by it either

-
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the structurs of the oolymer sand, by the same token, the

r—l‘
w3
C—L
o)
iy
=
(')
E
X
o
r..}-
Q
ot
e
70
iy
Lonie
e

substunces in the metabolic

WLly without inserferring

-t
=
e
CA.
o
L

syntnetic processes. It is very difficult to do either
yne.  This exviscing the congervaitism of synthebic procesaes,
Pinaily, shere is still a great deal that remsing

unclears how, for exuanple does the reorgsnization of

Girzetly into o Tamor cconr (Slnclair,

bLek

with reaspect to the apecilficity of synthesis,

aets ond without oiving ourselves

SR

entire specificlty problem
Dot rad n v i b e o N I S . P 4. .
Protein synitnesis oroceeds in o stages or in oned

in =ither o

3 considersble degree by the natrix

accomolished, The matter of

s
es or suriacas

clesr., Bazsed on general phyvsicochemical ¢

C any surface posessszing sultable oroperties
23

,unouiun
ate)] may carry out ofacollecting various substances

frot the environnenit. Fhe role of the matrix in the synthesis
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by cellulose or chitin (Siegel, 1957). However, such au
assembly is not aiways specific,  Speecifically from this
point of view, it seems to us, the experiments of Allfrey and
Mirsky (1958) quoted at the beginning of the article should
be considered; in these, the uptake of tagged amino acids
into proteins wés restored to normal after the replacement of
DN& which had been removed by keparin, polyethylene sulfate,
or chondroitin sulfate. Incidently, is not this an
explanation for the anticarcinogehic effect of heparin, which,
by becoming a distinct aﬁalogue of DNA, distorts ami thereby
nterrupts the metabolism?
Certainly, such a nonspecific assemblage, even from
purely kinetic considerations, should be carried out much
rore essily than a directed specific synthesis, In sunmarizing
the data concerning the influence of DA on protein synthesis
we nnted that.where this influehce should be specific 1t was
not noted, and where it was notgd it was not gpecific, thnat is,-
in other words, it seems to us thet in the latter case specificall
a nonspecific assemblage of amino escidsg is observed by a
polymer as a surface. Surely, such & collection shouwld occur
relatively easily, and it is easier to observe it,
Iﬂcidently, not so long ago, a number of works appeared
in which it was noted that apparently no absolute specificity

of proteih synthesis exists,and it is possible‘to observe the

-
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uptake of_aminowaciﬁ.analogues into the protein molecule,
which does not interferewith the compla%ian of .synthesis
(Vaughan, Steinberg, 1958}, In the smylase of B, subtilis
the methionine in it was replaced-by efhionine to the extent
of more than one third duwring the synthesis of the amylase;
however, its electrophoretic prmpertiéa and sotivity were
preserved (Joshida, 1958; Joshida, Jamseaki, 1959} this
replacement had no infiu@nce on the growth of the culture
or tﬁ@ formation of amylase.

inplogues of amino acids &0 neot affect the formation
of baeterial flagellss, which are indiat%gguiahablﬁ mafp&aiogieaﬁ
erologically and functionslly from the méntrcls}(ﬁ&rridge,
1959}, | | |

sPter upbake into B. coli proteina norleucine and
paraflu@rophemylalanine 418 not emeentislly affect their
molecular ﬁp@cificityror physicoachemical properties. The
synthesis of proizin, despite the presence of analqgu@ag
continued, but the enzymic power of the synthesized proteins
was redused (Cowle, 1959), | |

Cortainly, the uptake of aminéma&i&-analoguaﬁ into the .
protein molecule should not alwayﬂ soour withng & trace, s0
to speak. Naturally, after being taken up, in & number'of
cases they alter, as might be sxpected, thevproperties.aniv

atructure of the proteins (Munier, Cohen, 1959).



The data presented show that the matrix mechanism nay

ferrh, confirming an absence of any principle of absclute

»
specificity. &pproaches to the explanation of the dexree of
error through the analysis of processes of biosynthesis from
the kinetic point of view are ;iven by Pasynskiy (1960).
Incidently, is not the absence of absulute specificity in
syntnesis one of the sources of variation? In considering the
synthesis of nucleic acids, ve note this phenomenon. The DRA
which contains S—brbmuracil sreserves its transforming
setivity (true, it is quantitatively sltered) (Ephrati-Elizur,
Zamenhof, ly59>.

These data as well as considerations sreviously expressed
malke us conclude that it is impossible to regard the métrices
of macromolecules outside of their relstionship tc procenses
oceurring around them. Pasynskiy (1960),who showed the need for
a kinetic approach to biosynthétic processes, is absolutely
right, Incidently, his # viewpoint has been solidly
confirmed in the work of Rendi and Campbell, (1959)who found
that the degree of upteke of amino acids into proteins is
- determined by the rate of enzymic reactions rather than by
the number of points of ccembinastion of the amino acid with
the RY¥A of the pH-5 enzyme, Therefore, we n:ve gone from
the principle of mechanical autoreproduction of molecules of

nucleic acids, which was quite widespread previously, to a

28
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mone;ﬁpmplex but also to a truar dynamic procese of

synmhﬁ91s of them, in Whlch,.&long with the mamrlx, ‘the

nzymmc reactions ana the precursor ccmpounds,‘whlch alsc fk .
3

particlnaoe in determlnlng the 39601f101ty of syn‘thes:.q

at e

e

and hence, in the transnlauion of information, piay
a.}}ar‘toh |

The problems of saeezfiewty of synﬁhesxw of nucleic acids
have been studied by Sﬁki;mcki,d Sibatani,(1958a, b, 1959),.
These authors showed that apparently upeclf101ty is not so v

uhnflal for the synthesis of DNA and RN&, In any case, thg
p+ake OI tagged pho phiorus into nucleic acids inhibited by
Jhe uartlal removal of the latter was reneved after the
ad&i%ion of nucleic acids of another origin and even of

, » correctly

ebondr01t3n sulfate, whxch 1ndlcdteu; ab hds ‘beén written,

O
a Vulcoememzcal rather than a blolOglcal role (cértalnlyj

».»;,:\ i) ul (; B o . e ;A
in Thlu caup) on the' yar% of’ the ‘substances added, ~It is” !
1v%ﬂrost1ag t0 note that the removal of more than 80 percent

of the ‘DNA of the nucleus by means of Didasé it is impossibls:
to restore the uptake into: DNA, in contrast to RNA, and REC
the major partpof the §nosphorus taken up 1nto the RNA is
naﬁ‘preexistent in the DNas- |

Approximately the same results were Obtdlﬁ&d by Allfrey

and Mirsky,{(1958): the uptake of'Cl4»adenosine and ct4

orotic gcid into RNA is reduced after treatremnt ol ths unucledl




ﬂlth Dilaase, but it mey be restored to normal after the
gddition of DEA of another crigin or of polysthylene sulfonate.
I+ is interesting to note that in these cases the addition of

Y - n - ° Y. . o - 1
R4 and ONA of another origin, as well as of poelyethylene

o

sulfonate, restores the aerchbic ohosphorvlation vhich had been
inhibited hy DiAsse., Do not these facte indicate that et

svvthesis iy antonomous fo & conside erable degree and

s,
I

inde o’ Tha ond that the informaztion obtained by RNA

durin: syﬁthem’s ie not transmitted from the Dia or, in any
case noh sdweyia from the Dia oe ve mentioned chove?  Surely,
3t wonld be very importunt to elﬁnidate the nature of the
nucleic acids svufbe81zpl in these cases,.

“ It wes not uwithoud rezson that Stent (1958b) under
pressure of the facts, wdvanced a new hypothesis of Dil
roda>l¢0ﬂtnon, aceordine Lo Jnloh the rlbonuclpoproteln may
SéTV@—dQ o mater for DiiA »;nf}* 318 ana, by thla memna,
tyiioﬂlt yonftlc 1ntormdtlon. vunh a Joqulbllltv has been
confirm d in recnnt ex\eﬁlwental xorko (Doudnev, Hamz, 1959)

horofor@, we see that owoblem% of tran smiss 1on of
Iibformation, and of specificity of collectlon are not so
clear as they seem to be recontly. New data which have been
accumuldted cause us to nake a more cautious approach to these

problems and outline possible routes for a certain revision

of the ideas which have been built up,



Gertainiy, ve in the present ariticle have not touched on

all the problems concerning the phenomens under analysis,

We have only attempted 4o point to certsin new facts and to

the trend of evolution of our views on the biosynthetic

processes of protein and nusleic acids which they are

‘roducing.
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3,
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